We aimed to evaluate the depth of anaesthesia, perioperative haemodynamics, postoperative pain scores, analgesic consumption in patients receiving remifentanil-or alfentanil-based total intravenous anaesthesia for single-level lumbar discectomy.
Introduction
S ingle-level lumbar discectomy is a surgical procedure that is commonly performed to treat disc herniation, which are unresponsive to medical therapy (1, 2) . To rule out the development of neurological deficit resulting from reversible spinal cord injury, it is important to control the motor functions of patients during the early postoperative period. Therefore, the properties of anaesthetic agents, such as providing rapid recovery and efficient postoperative analgesia, are important for early mobilization. Despite the varying surgical stimuli, the depth of anaesthesia can be controlled by the combination of analgesic and hypnotic components of anaesthetic agents using total intravenous anaesthesia (TIVA). Stable haemodynamics, rapid recovery, fewer side effects and shorter hospital stay are the cornerstones in the selection of these anaesthetic agents. Faster recovery and lower postoperative side-effect profile of intravenous (IV) anaesthetics are advantages over inhalation anaesthetics in patients undergoing lumbar laminectomy or discectomy (3) . Rapid and safe recovery of TIVA was revealed following lumbar discectomy (4, 5) .
Remifentanil is an ultra-short acting potent opioid and is administered by constant rate infusion. Alfentanil has an elimination half-life of 8-32 min, which is three times longer than remifentanil. Both of them were previously compared in the TIVA procedure (6, 7) . A dose of 0.1 mcg kg −1 min −1 remifentanil and 0.5 mcg kg −1 min −1 alfentanil were used, and both opioids were found to be associated with rapid recovery. However, remifentanil exhibited faster respiratory recovery and earlier postoperative pain (4) . In a study, 0.25 mcg kg −1 min −1 remifentanil was compared with 1 mcg kg −1 min −1 alfentanil, and it was found that remifentanil had a faster recovery period but adequate postoperative analgesia (6) . However, they did not evaluate their effects on the depth of anaesthesia. Bispectral index (BIS) monitoring was not previously compared in patients undergoing lumbar discectomy.
We aimed to evaluate the depth of anaesthesia, perioperative haemodynamics, postoperative pain scores and analgesic consumption in patients administered remifentanil-or alfentanil-based total intravenous anaesthesia for single-level discectomy.
Methods
Following the ethics committee approval of the Marmara University and patients' written consent, 70 consecutive American Society of Anesthesiologists (ASA) I-II patients of both sexes between the ages of 18 and 60 years undergoing single-level discectomy because of lumbar disc herniation were enrolled in the study. The exclusion criteria were patient refusal, history of chronic opioid use, history of opioid allergy, hypo/hypertension, bradycardia or tachycardia and multilevel discectomy.
Patients were divided into two groups using sealed envelopes as alfentanil (Group A, n=35) or remifentanil (Group R, n=35) on the basis of TIVA. Forty-five minutes before the operation, 0.5 mg atropine sulphate and 0.07 mg kg −1 midazolam were intramuscularly administered as premedication. In the operating room, three-lead electrocardiogram, non-invasive blood pressure, end-tidal carbon dioxide, temperature, BIS and peripheral oxygen saturation of the patients were monitored. Anaesthesia was induced with propofol 2 mg kg −1 and rocuronium 0.6 mg kg −1 IV, and the patients were intubated. Muscle relaxation was monitored with peripheral nerve stimulation (TOF Watch SX, Organon Ltd Drynam Road Swords, Co. Dublin, Ireland). For the maintenance of anaesthesia, propofol was infused at 10 mg kg −1 h −1 during the first 10 min, 8 mg kg −1 h −1 during the second 10 min and 6 mg kg −1 h −1 during the rest of the operation. Patients in Group A were administered alfentanil 10 mcg kg −1 by slow IV bolus, and infusion was initiated with an initial dose of 1 mcg kg −1 min −1 . For the patients in Group R, 1 mcg kg −1 IV bolus was followed by infusion of 0.25 mcg kg −1 min −1 . Opioid solutions for both bolus doses and infusions were prepared by the same anaesthesiologist (A.S.). The names of the solutions were not written on the syringes. The anaesthesiologist who administered TIVA and followed up the patients in the postoperative period was blinded for the prepared opioid solutions.
Bispectral index values were monitored in both groups with the use of frontal and temporal electrodes, and preand perioperative values were recorded. Mean arterial pressure (MAP), heart rate (HR), end-tidal carbon dioxide tension (EtCO 2 ) and oxygen saturation (SpO 2 ) were recorded for all patients at 15-min intervals. When the modified Aldrete scores of the patients reached 10, they were allowed to leave the postoperative care unit. Perioperative opioid and propofol consumption were recorded at the end of the operation. Postoperative pain scores of the patients at 0, 30 and 60 min were measured using a 100mm VAS scale and were recorded together with postoperative analgesic requirements. For postoperative analgesia, 1 mg kg −1 meperidine was intravenously administered to all patients. All operations were performed by the same neurosurgeon.
Statistical analysis
Demographic characteristics of the patients were statistically compared using independent samples t-test and chi-square test, while time-dependent variables were compared by independent samples t-test and non-parametric data were analysed using the Mann-Whitney U test. A p value of <0.05 was considered statistically significant, and the Tukey-Kramer test was used as the post hoc test. It was calculated that 32 patients in each group were required to detect a 30% difference in the postoperative pain scores with a significance level of 5% and a power of 80%. Independent Samples t test, Mann-Whitney U test and chi square test were used.
Results
Two patients of Group R were excluded from the study. One was excluded because a different surgeon performed the surgery. The other patient was excluded because the type of surgery was changed to instrumentation. Because of bleeding was more than expected, the duration of surgery was prolonged in one patient of Group A, and thus, was excluded. Following prone positioning, because of massive epistaxis, the surgery was postponed. A total of 66 patients were included in the statistical analysis.
There was no significant difference between groups A and R in terms of the patients' age, body weight, sex, perioperative propofol and opioid consumption, duration of anaesthesia and surgery (p>0.05) ( Table 1) .
Postoperative VAS scores at 0 and 30 min were significantly higher in the Group R than in Group A (p<0.05). After the first hour, the VAS scores of Group A were not significantly different from the values of Group R ( Table  2 ). In Group A, VAS scores at 30 and 60 min significantly decreased compared with those at 0 min (p<0.05). However, in Group R, the VAS scores at 30 and 60 min did not reveal a significant difference compared with those at 0 min. Total analgesic requirement of patients in Group R was significantly higher than that in Group A (p<0.05). There was no significant difference between groups A and R in terms of the time of first analgesic requirement. None of the patients in Group A required additional analgesic during the first hour (p<0.05) ( Table 3) .
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In Group R, HR was significantly lower than that in Group A at 15, 30, 45 and 60 min preoperatively (p<0.05) (Table  4 ). MAP was significantly low in Group R at 45 and 60 min (p<0.05) ( Table 5 ).
There was no significant difference in MAP, SpO 2 and ETCO 2 values between the groups. BIS values of the groups were not significantly different at any measurement time points (Table 6 ). In Group R, BIS values at 30, 45, 60 and 90 min were significantly higher than those at 15 min.
Discussion
This study compared the effectiveness of alfentanil and remifentanil in patients undergoing single-level lumbar discectomy under TIVA. The patients who were administered remifentanil-based TIVA were found to have higher pain scores and more additional analgesic requirement than those who were administered alfentanil-based TIVA during the early postoperative period.
In this study, although both of the opioids caused a significant decrease in MAP and HR, the decrease in HR was significantly higher in Group R than in Group A during the first hour of anaesthesia. A similar clinical study on day case surgeries revealed that the decrease in HR with 0.5 mcg kg −1 min −1 remifentanil infusion was higher than the decrease with 2 mcg kg −1 min −1 alfentanil infusion (7) . They also found no difference in blood pressure values. Hypoten- Early postoperative pain scores were found to be higher in patients administered remifentanil. The VAS scores at postoperative 0 and 30 min were significantly higher in Group R than in Group A. Moreover, additional analgesic requirement and total opioid consumption were higher in Group R than in Group A. This implicates the importance of providing effective analgesic effect in the early postoperative period. Ineffective analgesia will lead to complications, extended recovery and discharge periods with incremental cost (9, 10) . Rapid degradation of remifentanil may be responsible for the failure in providing early postoperative analgesia (11) .
Özköse et al. (3) has similarly demonstrated that 45% of patients administered remifentanil during intravenous anaesthesia for lumbar discectomy were found to have moderate to severe postoperative pain. However, there were no patients in Group A who had severe pain. Therefore, local infiltration of bupivacaine was performed to provide additional analgesia for patients administered remifentanil.
This study differs from other studies because we also monitored BIS values and analysed the effects of the agents on BIS indexes while comparing two different opioids for TIVA in patients undergoing lumbar discectomy. It was reported that the intermediate level of hypnosis was secured at 40-60 index range, and the mentioned level was appropriate for surgery (12) . To provide that range for the patients included in this study, the propofol doses were re-adjusted. However, no significant change developed in total perioperative propofol consumption, duration of surgery and anaesthesia. A prospective, randomized, controlled, double-blind study conducted with 5228 patients concluded that perioperative awareness was significantly lower in patients administered TIVA and having BIS values between 40-60 than the control group where BIS monitorization was not used (13) . Conversely, it was also reported that BIS monitorization reduced propofol consumption in lumbar discectomy during remifentanil-based TIVA but was insufficient to supress the response to painful stimulation and did not influence the risk of awareness during TIVA (14) .
Turk J Anaesth Reanim 2016; 44: 21-5 The main limitation of our study was that no test was performed to evaluate perioperative awareness in the postoperative period. Therefore, it could not be determined whether BIS values significantly changing at 30 min created a clinical difference or not.
Conclusion
Alfentanil provided a more stable haemodynamic and BIS values in patients receiving TIVA for single-level discectomy compared with remifentanil. Furthermore, because alfentanil reduced opioid consumption and pain scores in the early postoperative period, it may be preferred for TIVA during such surgeries. 
